berg from University of California, Irvine, who had backcrossed these mice with C57BL/6 mice for several generations. In our laboratory, these mice were backcrossed for fi ve additional generations onto the C57BL/6 background using the marker-assisted Microsatellite Genotyping technique and documented to be >99% C57BL/6. All animals were housed in the Rockefeller University Laboratory Animal Research Center under a protocol approved by the Institutional Animal Care and Use Committee in a specifi c pathogen-free environment in rooms with a light-dark cycle.
Animal feeding study
Six-week-old WT and PXR Ϫ / Ϫ mice were fed a semisynthetic modifi ed AIN76a diet containing 0.5% cholesterol alone (D0011804, Research Diet, New Brunswick, NJ) or supplemented with PCN at a concentration of 200 mg/kg (0.02%) to provide a dose of approximately 20 mg/kg/day (mpk) (D07051102, Research Diet). The mice were euthanized at 8 weeks of age after a 6 h fast with free access to water. Mice were exsanguinated by leftventricular puncture, blood collected into EDTA-containing syringes, and plasma prepared by spinning at 16,000 g for 10 min. Liver tissues were collected and stored in RNAlater solution (Ambion).
Blood analysis
Total cholesterol concentrations were determined enzymatically by a colorimetric method (Roche, Indianapolis, IN). Lipoproteins fractions were isolated by sequential ultracentrifugation from 60 l of plasma at densities (d) of <1.006 g/ml (VLDL), 1 .006 р d р 1.063 g/ml (LDL), and d >1.063 g/ml (HDL) in a TL-100 ultracentrifuge (Beckman Coulter). For WT and PXR Ϫ / Ϫ mice, cholesterol concentrations were determined in all three fractions. For ApoE Ϫ / Ϫ mice, cholesterol concentrations were determined in the HDL fraction only. Plasma triglyceride levels were also determined enzymatically in the original plasma sample.
RNA isolation and quantitative real-time PCR analysis
Total RNA was isolated from tissues using the RNeasy mini kit (Qiagen) according to the manufacturer-supplied protocol. Quantitative real-time PCR (QPCR) was performed using gene specifi c primers and the SYBR green PCR kit (Applied Biosystems) in an ABI 7900 system (Applied Biosystems) as described before ( 24, 25 ) . All samples were quantifi ed using the comparative Ct method for relative quantifi cation of gene expression, normalized to GAPDH ( 26 ) . The primer sets used in this study are shown in supplementary Table I .
SuperArray analysis
The effects of PXR activation on the expression of 84 genes involved in lipoprotein transport and cholesterol metabolism were examined using Mouse Lipoprotein Signaling and Cholesterol Metabolism RT 2 Profi ler PCR array (SuperArray Bioscience, Catalog no. PAMM-080A) according to the manufacturer's instructions. Briefl y, total RNA was isolated from livers of WT mice fed the control or PCN diet for 2 weeks and cDNA was prepared by using a RT 2 PCR array fi rst strand kit. A total volume of 25 µl of PCR mixture, which included 12.5 µl of RT 2 Real-Time SYBR Green/ROX PCR master mix from SuperArray Bioscience, 11.5 µl of double-distilled water, and 1 µl of template cDNA, was loaded in each well of the PCR array. PCR cycles were performed according to the manufacturer's instructions. Data were analyzed using the comparative Ct method with normalization of the raw data to housekeeping genes including ␤ -glucuronidase, hypoxanthine phosphoribosyltransferase 1, heat shock protein ␤ -1, GAPDH, and ␤ -actin.
cholesterol-elevating compound known in the human diet, is a PXR agonist ( 15 ) . These studies strongly suggest that modulation of PXR activity may directly affect cholesterol homeostasis.
Various endogenous sterol metabolites have also been shown to activate PXR ( 16 ) . The secondary bile acid lithocholic acid and its 3-keto metabolite effi ciently activate PXR ( 17, 18 ) , as do the bile acid intermediates, 5-cholestanoic acid-3,7,12-triols and 7 ␣ -hydroxy-4-cholesten-3-one and 4-cholesten-3-one ( 19 ) . PXR activation induces CYP3A expression, which can hydoxylate the side chain of sterols and bile acid intermediates, providing an important alternative pathway for sterol clearance ( 19, 20 ) . PXR also modulates sterol regulatory element binding protein (SREBP)-independent and SREBP-dependent lipogenic pathways. In the former, PXR activates CD36 to increase free fatty acid uptake and hepatic lipid accumulation ( 21 ) . With regard to SREBP-dependent lipogenic pathways, PXR can induce Insig-1 via a functional binding site in the Insig-1 promoter, resulting in decreased levels of active SREBP-1 and reduced triglyceride synthesis ( 22 ) . Although these studies showed opposite effects of PXR activation on lipid homeostasis, the overall fi ndings are consistent with a role for PXR in mediating lipid homeostasis at multiple levels.
The identifi cation of the nuclear hormone receptor PXR as a xenobiotic sensor has provided an important tool for studying new mechanisms through which diet, drugs, and chemical exposures might impact human health. Several nuclear hormone receptors, including LXR, peroxisome proliferator-activated receptors, and farnesyl X receptor, have been implicated in the regulation of lipid homeostasis and atherosclerosis; however, the role of PXR has not been thoroughly investigated. Therefore, in this study, mouse models were used to determine the effects of PXR activation on lipid and lipoprotein levels as well as atherosclerosis. PXR activation was achieved by feeding the mouse specifi c PXR ligand, pregnenolone 16 ␣ -carbonitrile (PCN). In wild-type (WT) mice this resulted in increased plasma total, VLDL, and LDL cholesterol levels. In atherosclerosis sensitive apolipoprotein E defi cient (ApoE Ϫ / Ϫ ) mice, chronic feeding of PCN increased aortic root and brachiocephalic artery crosssectional lesion areas and diminished HDL cholesterol levels, but did not elevate total cholesterol. Activation of PXR affected hepatic expression of genes involved in cholesterol metabolism and lipid transportation, including CD36, ApoA-IV, and CYP39A1, in both WT and ApoE Ϫ / Ϫ mice and increased CD36 expression and lipid accumulation in peritoneal macrophages of ApoE Ϫ / Ϫ mice. 
MATERIALS AND METHODS

Animals
Activation of PXR affects hepatic genes involved in lipid metabolism
To elucidate possible molecular mechanisms through which chronic PXR activation might induce hypercholesterolemia, expression levels of important genes involved in hepatic lipid metabolism were measured by QPCR and the results shown in Fig. 2A . Of the genes surveyed, CD36 showed signifi cant change, with its expression levels increased 170% ( P < 0.05). CD36 is a fatty acid transporter and also a receptor for oxidized LDL. It was previously shown that activation of PXR can increase CD36 expression and induce SREBP independent lipogenesis in the liver ( 21 ). Consistent with a previous report ( 22 ) , Insig-1 expression was also increased by PXR activation (70%, P < 0.05). However, in this analysis, chronic PXR activation did not alter expression at the mRNA level of SREBP1a, SREBP1c, or SREBP2 nor affect their target gene expression, including HMGCR, FAS, ACC, and SCD1. Moreover, many important genes involved in hepatic lipid metabolism, including genes involved in receptor mediated lipoprotein uptake from plasma (LDLR and SR-B1), cholesterol effl ux (ABCA1 and ABCG1), and bile acid metabolism (CYP7A1 and CYP27A1), were not affected by PCN treatment in either WT or PXR Ϫ / Ϫ mice ( 
Cell culture and transfections
The human hepatic cell line, HepG2, was obtained from American Type Culture Collection and cultured in DMEM containing 10% FBS at 37°C in 5% CO 2 . Mouse primary hepatocytes were isolated from WT and PXR knockout mice as described ( 27 ) . The hepatocytes were seeded into 6-well plates and maintained in hepatocyte medium (Sigma) for at least 24 h before treatment. Immediately before treatment, the medium was removed, the cells were washed once with PBS and then treated with compounds or DMSO vehicle for 24 h. Transfection assays and Luc and ␤ -galactosidase were performed as described ( 25, 28 ) . Cells were seeded into 12-well plates overnight and transiently transfected by FuGene 6 (Roche, CA). 24 h post-transfection, the cells were treated as indicated in the fi gure legends. The cells were lysed 24 h after treatment and ␤ -galactosidase and luciferase assays were performed as described. Reporter gene activity was normalized to the ␤ -galactosidase transfection controls and the results expressed as normalized relative luminescence units per optical density ␤ -galactosidase per minute to facilitate comparisons between plates. Each data point represents the average of experiments done in triplicate ± SEM and was replicated in independent experiments.
Atherosclerosis studies
ApoE
Ϫ / Ϫ mice used for atherosclerosis studies were weaned at 4 weeks of age and fed the same diets with or without 0.02% PCN for 8 weeks. ApoE Ϫ / Ϫ mice were euthanized at 12 weeks of age after a 6 h fast. They were exsanguinated by left-ventricular puncture and blood was collected into EDTA-containing syringes. The circulation was fl ushed with PBS, the heart and BCA were removed and stored frozen in Tissue-Tek OCT compound ( 29 ) .
Quantifi cation of atherosclerosis
To quantify atherosclerosis at the aortic root, OCT-embedded hearts were sectioned and stained with Oil red O as described ( 29 ) . To quantify atherosclerosis at the brachiocephalic artery, the OCT-compound-embedded vessels were sectioned from distal to proximal at a 10 m thickness. Atherosclerotic lesions luminal to the internal elastic lamina were quantifi ed in three equidistant oil red O-stained sections 200, 400, and 600 m proximal from the branching point of the BCA into the carotid and subclavian arteries.
Peritoneal macrophage isolation and Oil red O staining
Mice were injected intraperitoneally with 2 ml of 3% thioglycollate and 4 days later, peritoneal macrophages were collected. After centrifugation at 1000 g for 5 min, the cells were resuspended in DMEM with 10% FBS. Three to fi ve million peritoneal macrophages from each group were allowed to adhere to either cover slips or 10 cm culture dishes. After 4 h, the culture dishes and cover slips were washed three times with PBS to remove nonadherent cells. RNA was isolated from the macrophages on culture dishes and Oil red O staining was performed on macrophages adhering to the covers slips. The expression of PXR was analyzed by RT-PCR using mouse PXR specifi c primer sets (5 ′ -GACGCTCAGATGCAAACCTT-3 ′ and 5 ′ -TCTTCTCCGCG-CAGCTGCA -3 ′ ), which amplify a PCR product of 191 bp.
Statistical analysis
All data are expressed as mean ± SD unless indicated otherwise. Statistically signifi cant differences between two groups were analyzed by t -test for data normally distributed and by the MannWhitney test for data not normally distributed using Prism software, version 4.0. To further study the role of PXR in regulation of these potential PXR target genes, mouse primary hepatocytes were isolated from WT and PXR Ϫ / Ϫ mice and were treated with two different PXR ligands, PCN and mifepristone (RU486). RU486 is a potent agonist for both mouse and human PXR and can strongly induce PXR reporter activities in PXR-transfected cells (supplementary Fig. III ) ( 6 ). As expected, both PCN and RU486 signifi cantly induced CYP3A11 expression in primary hepatocytes of WT mice ( Fig. 3 ) . mRNAs encoding ApoA-IV and CYP39A1 genes were signifi cantly repressed by PXR activation in primary hepatocytes of WT mice but not in PXR Ϫ / Ϫ hepatocytes. In contrast, the expression level of CYB5R3 and DHCR7 was not affected by PCN or RU486 treatment in primary hepatocytes of WT or PXR Ϫ / Ϫ mice, suggesting that those genes are regulated differently in vitro and in vivo.
Chronic activation of PXR accelerates atherosclerosis in ApoE
؊ / ؊ mice and regulates a similar set of genes involved in hepatic lipid metabolism as in WT mice
We were prompted to explore a possible role for PXR in atherosclerosis because chronic PXR activation in WT mice increased total, VLDL, and LDL cholesterol levels.
A more in-depth analysis of expression levels of important genes involved in hepatic lipid metabolism was carried out with the Mouse Lipoprotein Signaling and Cholesterol Metabolism PCR SuperArray (PAMM-080; SABiosciences), which profi les expression of 84 genes. In this experiment, WT mice were fed the AIN76a diet without or with 0.02% PCN for 2 weeks, euthanized, liver total RNA isolated and pooled from fi ve mice on each diet, and analyzed. Signifi cant regulation was found for four of the genes on this SuperArray as shown in Table 1 . PXR activation decreased expression of ApoA-IV, a major circulating apolipoprotein encoded in the liver and small intestine in rodents, and CYP39A1, an oxysterol 7 ␣ -hydroxylase involved in cholesterol catabolism, and increased expression of CYB5R3 (cytochrome b5 reductase 3) and DHCR7 (7-dehydrocholesterol reductase), two genes mediating cholesterol biosynthesis. Expression levels of these four genes, along with the previously untested ApoA-I, ApoA-II, and ApoE genes were then measured by QPCR using liver total RNA isolated from individual animals ( Fig. 2B ) . This experiment revealed chronic 0.02% PCN feeding in WT but not PXR Ϫ / Ϫ mice inhibited expression of ApoA-IV 75% ( P < 0.01) and CYP39A1 86% ( P < 0.01) and increased expression of CYB5R3 30% ( P < 0.05) and DHCR7 36% ( P < 0.05). Chronic 0.02% PCN feeding did not decrease HDL cholesterol 51% ( P < 0.01) as shown in Table 2 . This differed from what was observed in WT mice: PCN feeding for 2 weeks had no effect on body weight, increased total, VLDL, and LDL cholesterol levels, and left HDL cholesterol levels unchanged. Liver gene expression in control and PCN-fed ApoE Ϫ / Ϫ mice was evaluated by QPCR and the results shown in Fig.  5 . As seen before for WT mice, PCN feeding of ApoE Ϫ / Ϫ mice stimulated expression of the prototypic PXR activated genes, CYP3A11, GSTA1, and MDR1a. Similarly, there was altered expression of liver lipid metabolism genes with CD36, CYB5R3, and DHCR7 increased and ApoA-IV and CYP39A1 decreased. As previously, none of the other liver lipid metabolism genes tested by QPCR had signifi cantly altered expression.
Activation of PXR increases CD36 expression and lipid accumulation in peritoneal macrophages
In addition to liver and intestine, PXR has been shown to be expressed in immune cells such as T cells, B cells, and mononuclear cells, and PXR expression is positively correlated with its target gene MDR1 mRNA in these cells (30) (31) (32) . One of the PXR target genes, CD36, has been shown to play an important role in atherosclerosis-related processes by mediating uptake of oxidized LDL by macrophages, which leads to foam cell formation ( 33, 34 ) . To study whether activation of PXR can regulate CD36 expression in macrophages, we isolated peritoneal macrophage from WT and PXR Ϫ / Ϫ mice 4 days after thioglycollate treatment. Peritoneal macrophages were then treated with DMSO vehicle control or 10 M PCN for 24 h and total RNAs were isolated for QPCR analysis. The expression of PXR in peritoneal macrophages was confi rmed by RT-PCR analysis (supplementary Fig. IV ) . PCN treatment signifi cantly increased the expression levels of CD36 and another PXR target gene, MDR1a, in peritoneal macrophages isolated from WT mice but did not affect CD36 or MDR1a expression in PXR Ϫ / Ϫ macrophages ( Fig. 6A ) .
To determine whether PXR-mediated upregulation of CD36 expression can increase neutral lipid levels in peritoneal macrophages in ApoE Ϫ / Ϫ mice, we isolated peritoneal macrophages from ApoE Ϫ / Ϫ mice fed control or PCN diet for 8 weeks and performed Oil red O staining to assess lipid levels in the cells. As shown in Fig. 6B , neutral lipid levels were increased in peritoneal macrophages of ApoE Ϫ / Ϫ mice fed PCN diet. Gene expression analysis showed that PCN feeding signifi cantly increased CD36 mRNA levels in the fresh isolated peritoneal macrophages ( Fig. 6C ) . The change in CD36 expression is consistent with increased lipid accumulation in those cells. In contrast, the levels of mRNAs encoding another scavenger receptor SR-A and ABC transporters ABCA1 and ABCG1 were similar in macrophages isolated from ApoE Ϫ / Ϫ mice fed control or PCN diet. Taken together, these data suggest that the increased CD36 expression and lipid accumulation in macrophages of ApoE Ϫ / Ϫ mice fed PCN may contribute to the increased atherosclerosis in these mice.
The atherosclerosis experiments were done on the sensitizing ApoE Ϫ / Ϫ background. Male ApoE Ϫ / Ϫ mice were weaned at 4 weeks of age and fed the AIN76a 0.5% cholesterol diet without (control) or with 0.02% PCN (PCN) for 8 weeks. The mice were euthanized at 12 weeks of age and cross-sectional lesional area determined for both the aortic root and brachiocephalic artery as shown in Fig. 4 . Compared with control mice, PCN-fed mice had increased cross-sectional lesion areas at both the aortic root (54%, P < 0.001) and brachiocephalic artery (116%, P < 0.01) ( Fig.  4A , B and Fig. 4 C, D , respectively) . Feeding ApoE Ϫ / Ϫ mice PCN for 8 weeks decreased body weight 8% ( P < 0.01), did not change triglycerides or total cholesterol, but did mice is currently unknown. Activation of PXR was found to decrease hepatic mRNA levels of the cholesterol catabolic enzyme CYP39A1 and ApoA-IV, both in vivo and in primary hepatocytes ( Figs. 2 and 3 ) . CYP39A1 is one of two microsomal enzymes, the other being CYP7B1, that catalyze the 7 ␣ -hydroxylation of oxysterols, an early step in the alternative bile acid biosynthesis pathway ( 35 ) . CYP39A1 is expressed exclusively in liver and not regulated by cholesterol or bile acids. The relationship of the profound decrease in CYP39A1 hepatic mRNA levels in mice fed 0.02% PCN to the observed increase in VLDL and LDL cholesterol is uncertain. It is of interest that hepatic gene expression analysis of congenic mice for the hyplip2 locus, which confers a combined hyperlipidemia phenotype (increased VLDL and LDL), also showed profoundly decreased CYP39A1 mRNA levels (14-fold) ( 36, 37 ) . ApoA-IV has been proposed to play roles in lipoprotein metabolism, lipid absorption, feeding behavior, and suppression of oxidation, infl ammation, and atherosclerosis ( 38, 39 ) . In plasma, ApoA-IV is found mainly in HDL particles and in the lipoprotein-free fraction. The lipoprotein pattern
DISCUSSION
It was previously shown that clinically relevant PXR ligands can alter plasma lipid levels in patients and activated PXR can alter the expression of genes involved in lipid homeostasis ( 4, 7, 11, 12, 14, 21 ) . However, a systematic analysis of chronic PXR activation on plasma lipid levels and atherosclerosis had not been attempted and it was not known what effects, if any, long-term PXR activation might have on cholesterol levels or atherosclerosis in humans or in animal models. In the current study, we show that feeding C57BL/6 WT and ApoE Ϫ / Ϫ mice the PXR ligand PCN at a dietary concentration of 0.02% PCN for 2 to 8 weeks is well tolerated and effi ciently activates expression of the prototypic set of genes involved in drug and xenobiotic metabolism. Moreover, we found that chronic PXR activation alters plasma lipid and lipoprotein levels in WT mice and increases atherosclerosis in ApoE Ϫ / Ϫ mice.
In WT mice, feeding 0.02% PCN for 2 weeks almost doubled plasma total cholesterol levels with the absolute increase coming roughly equally from both VLDL and LDL cholesterol levels. In contrast, PCN feeding did not affect lipid or lipoprotein levels in PXR Ϫ / Ϫ mice, indicating that the increased plasma cholesterol levels in WT mice was mediated through PXR activation. Interestingly, were not reported. Interestingly, expression of human PXR in mice antagonizes cholic acid-mediated downregulation of plasma HDL levels and hepatic Apo-AI expression, which was attributed to repressed farnesyl X receptor activity by PXR ( 42 ) . Albeit that different mechanisms may contribute to PXR-mediated effects on plasma lipid and lipoprotein levels in different animal models, all of this evidence suggests that activation of PXR can affect cholesterol metabolism and may play a role in atherosclerosis. Several nuclear receptors (LXR, PPARs) that regulate lipid metabolism and modulate infl ammation have been extensively studied for their roles in atherosclerosis ( 43, 44 ) but such studies have not been done for PXR. We found that feeding ApoE Ϫ / Ϫ mice AIN76a 0.5% cholesterol diet containing 0.02% PCN for 8 weeks increased atherosclerotic cross-sectional lesion area at the aortic root and the brachiocephalic artery by 54% and 116%, respectively. Therefore, we have concluded that chronic PXR activation is proatherogenic. Interestingly, feeding 0.02% PCN to ApoE Ϫ / Ϫ mice did not increase plasma total cholesterol levels as it did in WT mice, despite inducing virtually the same changes in hepatic gene expression. Mice have very little ApoB100 and rely almost exclusively on ApoE for LDL receptor mediated clearance of lipoprotein particles from plasma. Thus, if the effects of 0.02% PCN feeding in WT mice on VLDL and LDL cholesterol levels of the ApoA-IV knockout mouse showed decreased VLDL and HDL cholesterol levels, but the decreased VLDL was shown to be due to decreased hepatic expression of ApoC-III, a triglyceride modulating gene adjacent to the ApoA-IV gene ( 38 ) . Interestingly, chronic activation of PXR was found to increase levels of two cholesterol biosynthetic enzymes, DHCR7 and CYB5R3, in both WT and ApoE Ϫ / Ϫ mice. However, DHCR7 and CYB5R3 expression
were not affected by PXR ligand treatment in primary hepatocytes, which suggests that these two genes are indirect targets of PXR and the different in vitro and in vivo results may be due to the altered environment. After submission of this manuscript, de Hann et al. ( 40 ) reported that activation of PXR by PCN treatment can also increase plasma cholesterol and VLDL levels in ApoE*3-Leiden (E3L) mice and decrease HDL levels in E3L.CETP transgenic mice. Several hepatic genes involved in HDL metabolism were affected by treatment of PCN at high concentration (0.1%). Another report showed that short term activation PXR by intraperitoneal injection of PCN at 80 mg/kg/day for 3 days can decrease plasma LDL levels but increase plasma triglyceride levels in LDL receptor knockout (LDLR Ϫ / Ϫ ) mice ( 41 ) . Similar treatment also caused increased plasma triglyceride levels in ApoE Ϫ / Ϫ mice but the plasma cholesterol and lipoprotein levels The expression levels of PXR target genes and atherosclerosis-related genes were analyzed by QPCR (n = 5 per group; *, P < 0.05; **, P < 0.01; ***, P < 0.001). Error bars represent SD. Fig. IV ) . In the current study, we showed that activation of PXR increases CD36 expression in peritoneal macrophages from WT mice and PCN feeding increases lipid accumulation and CD36 expression in ApoE Ϫ / Ϫ mice. It was previously were dependent on altering the ApoE-LDL receptor interaction, as they very well might have been, they would not be seen in ApoE Ϫ / Ϫ mice. It is also possible that the very high cholesterol levels in ApoE Ϫ / Ϫ compared with WT mice ( ‫ف‬ 1100 mg/dl vs. ‫ف‬ 100 mg/dl, respectively, under control conditions) might preclude observing what may be subtle effects on liver lipid synthesis due to the observed hepatic gene expression changes. However, feeding 0.02% PCN to ApoE Ϫ / Ϫ mice did decrease HDL cholesterol levels, and the profound decrease in hepatic ApoA-IV mRNA ( ‫ف‬ 85%) is likely involved based on observations in ApoA-IV Ϫ / Ϫ mice ( 38 ) . In addition to regulating HDL metabolism, ApoA-IV was shown to be a potent inhibitor of lipid oxidation, and in mouse models, ApoA-IV is antiatherosclerotic ( 45, 46 ) . Transgenic mice overexpressing mouse and human ApoA-IV were protected against diet-induced atherosclerosis and against atherosclerosis that occurs in ApoE Ϫ / Ϫ mice on a chow diet ( 47, 48 ) . Therefore, decreased ApoA-IV production might explain the decreased HDL cholesterol levels and increased atherosclerosis in 0.02% PCN-fed ApoE Ϫ / Ϫ mice.
The increase in atherosclerosis observed by feeding 0.02% PCN to ApoE Ϫ / Ϫ mice might also relate to the reported that PXR ligands can induce ABCA1 and ABCG1 expression and stimulate cholesterol effl ux in intestine cells but not in other cells, such as liver cells ( 52 ) . We found that expression levels of ABCA1 and ABCG1 are not affected by PXR activation in macrophages. Therefore, in addition to effects on HDL levels and ApoA-IV expression, another plausible explanation for the increased atherosclerosis observed after 8 weeks of feeding 0.02% PCN is the induction of CD36 expression and its mediated lipid uptake in macrophages.
The precise mechanisms through which PXR modulates lipid metabolism and cholesterol levels in different animal models, as well as in humans, remain to be determined. It would also be interesting to investigate the effects of chronic activation of PXR on lipid levels and atheroscle rosis in different animal models, such as LDLR Ϫ / Ϫ mice. Nevertheless, our study provides critical mechanistic insight for understanding the impact of clinically relevant PXR ligands on lipid levels and, for the fi rst time, showed that chronic activation of PXR increases atherosclerosis in an animal model, which may have direct clinical consequence for patients under long-term treatment with PXR agonist drugs. In summary, our data show that PXR activation can affect plasmas lipid and lipoprotein levels in animal models and chronic PXR activation increased atherosclerosis in ApoE Ϫ / Ϫ mice. This study broadens the pharmacological implications of PXR activation beyond xenobiotic response by revealing a potentially important adverse role for chronic PXR activation in lipid homeostasis and atherosclerosis. This will have to be taken into account in the development of new PXR modulators for possible therapeutic uses.
